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Satellite Observations of CO 

ü CO is 
û  major component of air pollution, produced by 

fossil fuels, biomass burning, CH4 oxidation … 
û  an ideal 'tracer' 

ü Satellite observations of CO increasingly used for 
û  evaluation of chemical transport models 
û  quantifying CO emissions (inverse modeling) 
û  forecasting air quality and 'Chemical Weather' 



There is a close correlation 
between aerosol 
distribution and 
increases in CO, as 
seen in this pair of Terra 
images. 



Current	CO	Sensors	
	

AIRS	–	Atmospheric	Infrared	Sounder	 MOPITT	–	Measurements	of	Pollu>on	
																		in	The	Troposphere	

IASI	–	Infrared	Atmospheric	Sounding	
Interferometer	
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MOPITT - Measurements of 
Pollution In The Troposphere 

•  Operational since March 2000 

•  A nadir sounding instrument 

•  Pixel resolution = 22km × 22km 

•  Swath width = 640 km 

•  Equator crossing times = 10:00 AM (local mean solar time) 

•  Vertical profiles of CO are obtained at 4.7 µm (thermal infrared – TIR – band) 
–  Profile Units = Parts per Billion Volume mixing ratio (ppbv) 

•  Column CO are obtained at 2.2-2.4 µm (Near-infrared – NIR - band) 
–  Column Units = molecules/cm2 

•  Latest Version 6 

•  9 vertical layers 900hPa – 100hPa 

•  Final products are the Level 3 gridded data 

HOMEPAGE = http://www.acd.ucar.edu/mopitt/ 



Sun-synchronous	tracks:	Polar	orbi>ng	
satellites	(A-Train	satellites)	

• 	Sun-synchonous	orbits	are	typically	described	by	their	equatorial	crossing	>mes.	
• 	When	one	says	that	a	sun-synchronous	orbit	goes	over	a	spot	on	the	earth	at	the	same	local	9me	
each	>me,	this	refers	to	mean	solar	>me,	not	to	apparent	solar	>me.	

• 		Orbit	combines	al>tude	and	inclina>on	in	such	a	way	that	the	instrument	ascends	or	descends	over	any	
given	Earth	la>tude	at	the	same	local	mean	solar	>me,	i.e.	the	surface	illumina>on	angle	will	be	nearly	the	
same	every	>me.	

• 	This	consistent	precession	ensures	that	the	equatorial	crossing	>mes	of	the	satellites,	in	terms	of	the	local	
solar	>me,	remain	nearly	constant	throughout	the	year.	This	means	that	a	satellite	can	make	repeated	
global	observa>ons	from	a	single	set	of	sensors	with	similar	illumina>on	from	pass	to	pass.			



MOPITT V6 Level 2 products include: 

 
A TIR-only product, similar to the MOPITT V4 product and V5 TIR-only product. Example 
filename: MOP02T-20010101-L2V16.2.1.he5. 
 
 A NIR-only product, similar to the MOPITT V5 NIR-only product and qualitatively similar to 
the ENVISAT SCIAMACHY CO product. This dataset is produced only for daytime 
observations over land.  This product exhibits relatively large random errors and may require 
significant spatial and/or temporal averaging.  Example filename: MOP02N-20010101-
L2V16.2.2.he5. 
 
 A TIR/NIR product, featuring the maximum sensitivity to near-surface CO. In this product, 
information from the NIR channels is exploited only in daytime observations over land.  This 
product exhibits relatively large random errors and may require significant spatial and/or 
temporal averaging.  Example filename: MOP02J-20010101-L2V16.2.3.he5. 
 

Homepage:		h=p://www2.acd.ucar.edu/mopi=	





Sketch	of	measurement	geometry	and	ver>cal	sensi>vity	for	satellite	
observa>ons	of	the	troposphere	in	different	wavelength	ranges.		
	



Near	Infrared	(NIR):		A	small	por>on	of	the	infrared	region,	located	between	the	visible	
and	microwave	por>ons	of	the	electromagne>c	spectrum.	NIR	makes	up	the	part	of	IR	
closest	in	wavelength	to	visible	light.	NIR	is	not	to	be	confused	with	thermal	infrared,	
which	is	on	the	extreme	other	end	of	the	infrared	spectrum	and	measures	radiant	
(emiZed)	heat.	

MOPITT	takes	advantage	of	the	
NIR	and	TIR	measurements	to	
infer	CO	es>mates.	



Thermal	infrared:	uses	emiZed	radia>on	instead	of	reflected,	for	imaging	of	geological	
structures,	thermal	differences	in	water	currents,	fires,	and	for	night	studies.	



• 		Thermal	IR	imagery	is	difficult	to	interpret	and	process	because	there	is	absorp>on	by	
moisture	in	the	atmosphere.		
• 	Thermal	infrared	imaging	systems	are	notoriously	difficult	to	calibrate		
because	temperature	differences	can	be	subtle.		
• 	The	data	collected	is	computa>onally	expensive	due	to	the	itera>ve	nature	of	filtering	
so^ware		

Limita9ons	of	TIR	usage		



One	day	of	MOPITT	

Homepage:	hZp://www.acd.ucar.edu/mopiZ/	
Data	and	documenta>on:			hZp://www.acd.ucar.edu/mopiZ/products.shtml	



Big	MOPITT	Limita>on!!	–	COVERAGE	
	
Due	to	large	data	gaps,	do	not	expect	to	get	
daily	coverage	in	your	domain	of	interest!!	



MOPITT:	Measurements	Of	Pollu>on	In	The	Troposphere		

One	day	coverage																														vs																		One	month	coverage	



hZp://www.acd.ucar.edu/mopiZ/MOPITT/data/plots6t/maps.html	



MOPITT	Version	6		Level	2	Product	
Images	

TIR/NIR	
Day>me	only	

NIR-only	
Day>me	only	

TIR-only	
Day>me/Nigh>me	



MOPITT	Interac9ve	Data	Viewer:	h=p://mopfl.acd.ucar.edu:8080/webviewV6/	





MOPITT (+ all NASA EOS satellite) data are available at 
EOSDIS – NASA’s Earth Observing System Data and 

Information System 

hZp://reverb.echo.nasa.gov	
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AIRS 
•  Operational since Sept. 2002 
•  A nadir sounding instrument. 
•  Pixel size = 14 km at nadir 

    41 x 21 km edges 
•  Swath width = 1650 km 
•  Equator Crossing times  

•  13:30 AM (Ascending orbit) 
•  13:30 PM (Descending orbit) 

•  Column measurements 
•  Units = molecules/cm2  

•  Profile measurements  
•  9 vertical layers (904.866 hPa – 0.016 hPa) 
•  Profile Units = Volume mixing ratio 

•  Total Column CO measurements provided in units = molecules/cm2 
•  Data Source: Level 2 pixel and Level 3 gridded 1o×1o  resolution 
•  Current Version 6 
 

HOMEPAGE: http://airs.jpl.nasa.gov 



One	day	of	AIRS	data	



AIRS  vs MOPITT CO 

MOPITT		
Level	3	1x1deg	

AIRS	Level	3	1x1deg		
from	GIOVANNI	

AIRS	Level	2	
From	NRT	Website	



• 	Unlike	MOPITT,	AIRS	has	excellent	global	
coverage	with	‘minor’	gaps	par>cularly	over	
CONUS!	

• 	One	can	easily	track	biomass	burning	plumes.	

o 	AIRS	swath	width	is	~	1650km	whereas	MOPITT	~	
640km.		

o Twice	daily	coverage	with	AIRS	(day>me	and	
nighime).			

<-Swath->	

Satellite	measurements	of	Carbon	Monoxide	(CO)	is	an	excellent	tracer	of	
Biomass	burning,	i.e.		forest	fires	

Ascending	Orbit	=	Day>me	
Descending	Orbit	=	Nighime	



Perspec>ve:	What’s	a	lot	of	CO?	

75	 195	

ppbv	

160	



Data Formats 

Aura data (OMI and TES) are stored in HDF5 format 
 
Airs and MOPITT data are stored in HDF4 format 
 



HDF Zoo – provides examples on how to read and 
visualize various NASA HDF/HDF-EOS files using IDL 
and MATLAB http://hdfeos.org/zoo/ 



Access	to	AIRS	data,	documenta>on,	and	Imagery	can	be	
found	in	the	AIRS	homepage:	hZp://airs.jpl.nasa.gov/	



http://airs.jpl.nasa.gov/data/get_AIRS_data/ 



Goes	to	a	product	summary	page	with	
links	to	the	Instrument	and	product	
documenta>on	
	
Level	2	AIRS2RET	and	
Level	3	AIRS3STD	are	the	standards	daily	
products	
	
HSB	is	a	humidity	sensor	that	failed	in	
2003	
	
AMSU	is	a	temperature	sounder	
	

Product	Informa>on	and	access	to	AIRS	data	can	be	found	here:	
		hZp://disc.sci.gsfc.nasa.gov/AIRS/data-holdings/by-data-product/data_products.shtml	

Take	you	to	the	Mirador	search	
engine.	There	is	the	op>on	to	
convert	to	Net	CDF	format	



Quality	Screened	=	Filters	all	data	
variables	based	on	the	science	
team	recommenda>ons.	
Available	ONLY	for	Level	2	data!	



Download	Image	

Download	Data	file	that	
create	the	image	

GIOVANNI	quick-view	images:	Level	3	1x1	deg	images	and	data	access:		
hZp://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_id=AIRS_Level3Daily		

	



h=p://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_id=AIRS_Level3Daily	
IF	AIRS	Level	3	1x1	degree	resolu>on	is	too	course	then	another	op>on	is	to	use	Level	2	data	–	either	NRT	or	downloaded	
from	the	Goddard	DISC.	

Google	Earth	Example:		
						June	25	–	July	3,	2012	



Access	to	AIRS	NRT	Trace	Gas	
Products	



AIRS	NRT	Products	and	Images	Website:	
h=p://disc.sci.gsfc.nasa.gov/nrt/data-holdings/airs-nrt-products/	
	
There	is	a	Near-Real	Time	(NRT)	product	that	exports	KMZ	files	but	is	available	for	data	
going	back	9	days	only.	This	product	is	great	for	capturing	events	as	they	happen!	
	
NRT	Level	2	data,	PNG,	GeoTIFF,	and	KMZ	files	are	availabe	at	this	site.	BUT	historic	data	is	
not	available.			



AIRS	NRT	Products	and	Images	Website:	
hZp://disc.sci.gsfc.nasa.gov/nrt/data-holdings/airs-nrt-products/	
		
To	get	KMZ	files	for	Google	Earth:	
1. 	click	on	“2.	AIRS	NRT	Images”	
2. Click	on	where	it	says	‘KMZ’	



Note:	These	NRT	data	are	in	parts	per	billion	
A	=	Ascending	(day>me)	and	D	=	Descending	(nighime)	are	included.	



GIOVANNI		
	hZp://disc.sci.gsfc.nasa.gov/giovanni	

AIRS	Near-Real	Time	(NRT)	Products	and	Images	(PNG,	GeoTIFF,	KMZ)		
	hZp://disc.sci.gsfc.nasa.gov/nrt/data-holdings/airs-nrt-products/	

AIRS	Level	2	Data	Products		
	hZp://disc.sci.gsfc.nasa.gov/AIRS/data-holdings/by-data	product/data_products.shtml	

	
EOSDISC	Reverb	global	search	tool:	hZp://reverb.echo.nasa.gov	
	
Mirador	Search/Get	date:		hZp://mirador.gsfc.nasa.gov	

AIRS	Homepage:	hZp://airs.jpl.nasa.gov/	

MOPITT	Homepage:	hZp://www.acd.ucar.edu/mopiZ/	

MOPITT	Daily/Monthly	images:		

	hZp://www.acd.ucar.edu/mopiZ/visualize.shtml	

	hZp://mopfl.acd.ucar.edu:8080/webviewV4/selectmopiuile	

	

Summary	of	AIRS	and	MOPITT	Websites	


